YciaoBue
Ocenunii 10X ab
Tunuanas ocenHsist OeIOpyccKasi MOTo/Ia — MeJIKIil Mopocsmuit 101! Takas moroga Jacto Ha-
BOJIUT YHBIHUE, HO... MOXKET TOCIYKUTh IPeKpacHoil TeMoil it pusmdecknx ncciaeaopannit! Bo
BCexX IyHKTaX JaHHOM 3a/1a4n cuuTaiiTe, 4TO yCKOpeHUe cBOOOHOrO najieHus pasHo g = 107.
Yactp 1. KoMIbioTepHDBIA 9KCIIEPUMEHT.
Kamm nagatoT Bo3myxe, I03TOMY BO BpeMsI IaIeHnsT Ha HUX JeHCTBYET CHJIa COPOTHB/IEHUSA BO3-
nyxa. Bymgem cumrarh, 9TO 3Ta CHJIa MPOMOPIMOHAIBHA KBaJIpaTy CKOPOCTH. depe3 HEeKOTOPBIi
MIPOMEKYTOK JIBHKEHHUE KAallJIi CTAHOBUTCS PABHOMEPHBIM C HEKOTOPOH yCTaHOBUBIIIEHCS CKOPO-
CTBIO U.
Hamnpasum ock koopauaar Ox BepTHKaIbHO BHU3. B MoMeHT Bpemenu t = () KoopauHATa Kallld
xo = 0, ee ckopocTh vy = 0.
1.1 Samummre hbopMyIIy, OIMUCHLIBAIOILY O 3aBUCHMOCTD YCKOPEHUsT KAILIA ¢ OT €€ CKOPOCTH v. B 3Toii
ypaBHEHHE B Ka4eCTBE MapaMeTPOB JOJIKHBI BXOJIUTH TOJBKO YCKOPEHUE CBOOOIHOTO MAJICHUA ¢ U
CKOPOCTH YCTAHOBUBIIIEIOCs JIBUKEHUS U.
Pasron kamm He siBjisgercst paBaoyckopennbiM! I[ToaToMmy cTporo paccunrarh 3aBUCHMOCTH CKOPO-
CTH U KOODJIMHATHI KAILJIK OT BpEMeHU CJI0KHO. Ho... MOXKHO mpoBecTu Tpub/IizKeHHbIH (¢ MaJioii
HOTPEITHOCTHIO) KOMIIBIOTEpHBI pacder. st 9T0ro Hamo pasbuTh BpeMsl JBHKEHHsI Ha MAJIble
POMEXKYTKH BpeMenn At, B Ipejiesiax KOTOPBIX MOYKHO TIpeHeOpedh n3MeHeHneM yCKOpeHus. Pac-
CMOTPHUM JIBUKEHIE B Te€YeHHEe WHTepBaJia BPEMEHU OT tj 10 tpi1 = t + At. Jdomycrmm, Ham
U3BECTHO 3HAYEHUE CKOPOCTHU Vg U KOOPJMHATHI KAIIA T B MOMEHT BPEMEHU tj. DTO MO3BOJISET
paccuuTaTh YCKOPEHHEe B 3TOT MOMEHT BpeMeHH aj. Cuurasi 9TO yCKOpEHUEe IOCTOSHHBIM B Te-
YeHHEe PACCMaTPUBAEMOTO MPOMEXKYTKa BPEMEHH, MOXKHO PacCIUTaTh 3HAYEHUE CKOPOCTHU Ujyi U
KOOP/IMHATHI KATLTH Ty 1.
1.2 Bamumure (GOpMyJIbI, MO3BOJISIIONINE 0 U3BECTHBIM 3HAYEHUSIM aj, U, Tp U At paccamrarb
BHAYEHUS Vg1, Thil-
1.3 Tlposesure pacuer majieHusi KA (3aBUCUMOCTENH CKOPOCTH Karum v(t) W ee KOOpPIMHATHI
x(t) or Bpemenn) mpn v = 3,002 u At = 0,050c 3a 1 cexymmy najenns. PesyrbTaThl pacyeTon
npuBenTe B Tab/uIe JicTa oTBeToB. [locTpoiite rpaduKky Moy IeHHBIX 3aBUCUMOCTEI.
1.4 Ykaxkure, HaUMHas C KAKOT'O MOMEHTa BpeMeHU t* JIBUKEHUE KallIi MOXKHO CYUTATH PABHO-
MepHbIM. CanuTaiiTe, 9TO JBUKEHHE MOKHO CUNTATh PABHOMEDPHBIM, €CJIH CKOPOCTH OTJINYIAETCS OT
ycTraHoBuBLIelicss ckopocTn He Oojiee, deM Ha 5%. YKaxKuTe KOOPAMHATY TOYKH B 3TOT MOMEHT
BpEMeHH 1.
Miaammas rpymnmna. DKCIepUMeHTAIBHBI TYp. YCI0BUs 3a1ad. 1
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Yactb 2. PeasibHBI 3KCIIEPUMEHT.
B sroit actu paborsl BaM HE0OX0IMMO ITPOBECTH U3MEPEHUs C TTOMOIIBIO ITPUIaraeMbIX hoTorpa-
duit, pacrooKeHHbIX B JUcTaX 0TBeTOB. HemocpeacTtBenHo Ha Beex gororpadusax, KoTopbie Bor
HCIIOJIb3yeTe, YKayKuTe crpejikamu (HapucyiTe) Te BeJUYUHbI, KOTOpbie Bbl m3mepsiin. Pesyib-
TaThl U3MEPEHUIl 3aHeCUTEe B COOTBETCTBYOMME TadbauIbl. O0s3aTe/ IbHO TpUBeuTe (POPMYJIBI, 110
KOTOPBIM IIPOBOJISITCS PACIETHI.
2.1 Ilagenune KameJib.
Jls n3ydeHus majieHusi Kaleab ObLIa MCIIO/Ib30BaHa KalleJIbHUIA, U3 KOTOPOil depe3 paBHbIE HH-
TepBaJIbl a1al0T OJUHAKOBBIE KAILIH BOJIBI.
Ha ¢doro 1 npupenena dbororpadus majamux Kamnesb. Jjis onpeaeseHns UX MOJOKEeHUH ycTa-



HOBJICHA BEpPTHUKAJbHAas JIMHEHKa. Tak Kak KallId JBUXKYTCs, TO UX M300parKeHUe OKA3bIBACTCS
cMa3aHHbIM. [[yHKTUPHBIMU JTUHUSIMEA OTMEYEHbI BEPXHUE ) W HUZKHIE TDAHUIIBI ), W300PazKeHust
Karesib. Ecym npu nedaru dororpaduii camu Kallid ILJIOXO BUJIHBI, TO MOJb3YHTECh yKa3aHHBI-
My rpaHuniamu. Hymeparmuro karesnb y1o0HO HAYaTh ¢ Hy/Id. BepXHIOI TPaHUILy «HYJIEBON KAILII
IPUMHUTE 38 HA4aJI0 OTCUETA.
2.1.1 N3amepbTe KOOPAMHATHI BEPXHUX U HUYKHUX I'PAHUIL Kallesib. Pe3ysibTaThl m3MepeHnii 3aHecuTe
B TaOJIAILY.
O6o3HAYNM T - WHTEDPBAT BPEMEHH MEXKJy OTPBIBAME IIOCJIEI0BATEIbHBIX Kalledb (cauTaite ero
nocrosiHEbIM ). O6o3HaunM At - Bpemst skcrosunuu gororpadun (BpeMs, B TedeHne KOTOPOro mpo-
Bojurcst pororpaduposanue). [IpenonoKum, 9To JBUKEHIE KATeJIb ABJISETCsT PABHOYCKOPEHHBIM
C YCKOPEHHEM CBOOOJIHOTO MAJICHUS § = 1OCM2. dororpadust cienana, Korja Bee Kamiu (B T.9. U
«HYJIeBasI» ) IMEIOT HEKOTOPYIO CKOPOCTh. HaduaipHyo CKOpoCTh HysIeBoit Kalm oboznadnm Vy (T.e.
ee CKOPOCTb B MOMEHT Hadajla ChEMKH).
2.1.2 IlomyunTte popMysIbI, OMUCHIBAIONINE 3aBUCUMOCTH KOODJIMHAT BEPXHEH Xj W HUKHEHN ) Tpa-
HUI[ KarejIb OT UX HOMepa k.
2.1.3 Ilpuaymaiite rakue dyuxmmn X (zy, k) u Yy (yg, k), 9700bI HX 3aBHCHMOCTD OT HOMEPA KaIlin
obL1a Jinneiinoit. [locTpoiiTe rpadukn STUX JTHHEAPU30BAHHBIX 3aBUCUMOCTEIA.
2.1.4 Tlo pe3ynbraTaM u3MepeHUil paccuuTaiiTe cpeHee BpeMs MeXK/Iy OTpbiBaMu Kamesb 7. Ore-
HUTE MOT'PENTHOCTD HAIEHHOTO 3HAYEHUS.
2.1.5 PaccuuraiiTe HavYaIbHYIO CKOPOCTH V() «HY/IE€BOI» KAILIH.
2.1.6 Paccunraiire Bpems skcrosunuu At (BpeMsi B TeU€HUN KOTOPOTO IIPOBOJMIACH CheMKa, JAHHOI
dbororpacdun).
Muaamamas jmra
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2.1.7 Ucnonb3ys doro 2, paccunTtaiiTe cpejiHre BpeMsi MEXK/Ty OTPBIBAME KalleJIb, TOKA3aHHbIX Ha
9TOM (POTO.
2.1.8 Ucnosib3yst BCce MMEOIIUECs JTaHHbIe, paccuanTaiiTe BpeMsi MeXKIy OoTpbiBaMu Kamejb 7. Ore-
HUTE MOT'PENTHOCTD HAJIEHHOTO 3HAYEHUS.
2.2 Bouanbl Ha BoJe.
Ha doro 3 npuseneno nzobparkeHue BOJH Ha MOBEPXHOCTH BOJIBI B HETJIYOOKO# Tapeske, obpa3y-
IONUXCA TIPU MMaJIEHUN KalleJIb U3 KaleJbHUIbl. HTepBas MexK 1y najeHndaMu Kalejb Takoi 2Ke,
KaK B IPEJIbLIYINeil YacTu paboThl.
2.2.1 Ucnosb3ys ¢oto 3, paccauraiiTe CKOPOCTb paclpoCTPaHEHUsT BOJTH HA MMOBEPXHOCTHU BOJIBI.
VKaxKnuTe, KaKne BeJIMIUHBI BBl U3MePsIH 0 (hoTorpadusM, pe3yabTaThl M3MEPEHNiT TPUBEINTE B
tabJurie, 7171 00paboTKN Pe3yILTATOB U pacdeTa CKOPOCTH PEKOMEH IyeM IPEeJICTABUTDH PE3YIbTAThI
B rpadudeckoii hopme.
2.3 N3mepenue J102K/14.
Ha doto 4 npusenena dororpadust BOJH Ha TOBEPXHOCTH JIy?KI BO BpeMs 10K As. Cunraiite, 9TO
CKOPOCTHU BOJIH Ha IMOBEPXHOCTHU JIy?K PABHBI U3MEPEHHON CKOPOCTU BOJIH B TapeJsKe.
2.3.1 Ucnonp3ys npuBenennyio hororpaduio, OIeHNTe HHTEHCHBHOCTD JIOZK/Id: BBICOTHI CJI0S BOJIBI
(B MM), KOTODBIil 0O6pa3yercs Ha MOBEPXHOCTH 3eMJIH 3a 1 Jac.
Cuwuraiite, 94T0 JuaMeTp KaxKjaoi Karin paBer 1 mMm. PpoHTAIbHBIN pasMep ydacTKa JIy:KU Ha
doro cunraiiTe paBHbBIM 1 M.
He 3abyapre ykazarh, Kakue BeJUYUHBI Bbl M3MEPSIN, U MPUBECTH (POPMYJIbI, 110 KOTOPBIM IPO-
BeJIeH pacyer.
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Munamamas jgura. KCIepuMeHTAIbHBI Typ. Permenns 3amad.
Yactp 1. KoMIIbIOTepHBIA 9KCIIEPUMEHT.

1.1 3akon Hpiorona s mamarormeil Karim

ma = mg — Bv?.

HaxonnM ycTaHOBUBIITYIOCS CKOPOCTH U3 ycaoBud a = 0O:

vi
ag+1 = ¢ - @

Upt1 = Ui + app1 At
Vg + Vg1
2

Thy1 = Tk + At

1.3 PegysibraTnl pacueroB npuBejienbl B Tabsmie 1.
Tabsmma 1.



t,c | a,m/c? | v, M/c |z, M
0,00 | 10,00 0,00 0,00
0,05 | 10,00 0,50 0,01
0,10 | 9,72 0,99 0,05
015892 | 143 | 011
020772 182 1019
025633 213 029
0,30 | 4,94 2,38 0,40
0,35 | 3,70 2,57 0,53
0,40 | 2,68 2,70 0,66
0,45 | 1,90 2,80 0,80
050 | 1,32 1286 | 094
0551090 1291 1,08
0,60 061 294 123
0,65 | 0,41 2,96 1,37
0,70 | 0,28 2,97 1,52
0,75 | 0,19 2,98 1,67
0,80 | 0,13 2,99 1,82
085008 1209 |107
090 | 0,06 209 | 2,12
095004 1300 |227
1,00 | 0,02 3,00 2,42
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1.4 ITo Tabuite HAXOTUM:

t* =0,50s
¥ =0,94m
Yactp 2. PeanbHblil 5KCIEpUMEHT.
2.1 Ilagenune KareJb.

2.1.1 PesynbraThl u3MepeHuii mpuBe/ieHbl B Tabsmre 2.
Tabsmma 2.

Howmep kammm | Ilo nuneiike Xy, eM | Yk, eM | %5 em | 20 em
0 7,5 10,9 | 0,0 3,4

1 17.7 23,7 110,2 | 16,2 | 1020 | 12,80

2 30,8 38,8 | 23,3 31,3 11,65 | 13,95

3 48,0 58,7 | 40,5 51,2 13,50 | 15,93

2.1.2 Oopmysbl 3aBUCHIMOCTH KOOPJIWMHAT T'PAHUIL KaTleThb

2
= (Vor)k + (%) %

yr = D+ Vo(kT + At) + g(kr + At)?

D - nuameTp Karui.
2.1.3 OnrumasbHast JTUHEAPU3AIHS

2

T qTr

X =2 = (Vor) + Lk
=7 = W)+

_ 2
=8 Vot gatyr+ Tk

Yi k;

(8)

(9)

PGSYJH)TaTbI PacdeTOB 9TUX BEJIMYUH TaKzKe IIPUBEJICHbLI B Ta6HHH€ 2. FpaCbI/IKI/I IIOJIYYEHHBIX 3a-

BUCHUMOCTEN MOKa3aHbI HUZKE.



X(k), Y(k)

2.1.4 — 2.1.6 ITapameTpbl JTUHEHHBIX 3aBUCUMOCTEH

X:an+be:ayk+by

MoryT ObITh HaiigeHbl rpadudecku, u60 1o MHK, ux snauenus:

ax = 1,6bsm, bx =8,bsmay =1,57sm, bx =11,1sm

Cpasrubas ¢ Teoperndeckumu dpopmynamu (8)-(9), HAXOAUM HYKHBIE BEJTUIUHBL:

gr? 2ax

ax =— = T=4/— =0,057c
2 g

b
by =Vor = Vy=-X—-152
T C

by

b
XX —0,045¢
gT

by—bX:gTAt = At =

Crporuii pacdeT HONPEITHOCTH MHTEPBa/Ia MexK Iy KallIaMmu jJaeT sHadenue AT = 6- 1073 c.

2.1.7 AramormuHbIil pacder BeandnHBl T 110 hoTo 2 maer 3Hadenne 7 = 0,079 ¢

(10)

(11)

2.1.8 Vcpennenue JIByX 3HaYEHU, MOJTYIEHHBIX 110 PA3HBIM CHUMKAM, IIPUBOJIUT K PE3Y/IbTATY

7= (0,07 £0,02) c.

2.2 Bousinbl Ha Boje.

(15)

[To dororpacdun n3mepsiem ¢ TOMOIIBIO JUHEHKHN KOOPJIMHATHI T BOJTHOBBIX (DpOHTOB. Pe3ynbrars
npuBe/ieHbl B Tabsuie 3 (KoopauHaTsl B ¢M Ha Goro). s ycpeHeHnst CTpouM 3Ty 3aBHCHMOCTb.

Tabmuma 3.



Tk, CM

2.1
2.8
41
5.4
6,5

| O | W DO | T

OnpegeneHue CKOPOCTU BOMHbI

4

KOOpAWHATa Ha thoTo

0 1 2 3 4 5 6 7

HOMEp BOMHBI

Kosdbdunment nakiona sroro rpacduka paBeH

a=11lcm (16)

C yderom MacmTabHOrO MHOXKHUTEJIsI ONPEJIEJIsieM PacCTOSHUE MEXKJy cocejHuMu rpebHsamu ( B
«PeaJIbHbIX» CAHTHMETPAX )

A=14dcm (17)

9to pacCcTodHrE IITPOXOAUT BOJIHA 3a IIPOME2KYTOK MEKAY IHaJCHUAMN KallCJlb. HOSTOMy CKOPOCTb
BOJIHBI

A cM
v=—=20—. (20)
T ¢
2.3 N3mepeHue 102K/14.
Ha dororpadun BbijieseM yqacTok ILIomabio B 1 M? (¢ yueToM pasHOCTH MaciTaboB 10 TOpH-

B0HTAIM W BEPTUKAJIN).



Nzmepsem quameTpbl BOJIH OT KalleJib, YIIABIINX Ha 3TOT yuacTok D;. [lo namepenubiM quamerpam
BOJIH U CKOPOCTH MX PACIPOCTPAHEHHs] PACCUUTHIBAEM BpEMeHa MaJieHns Karesb (10 dpororpadu-

poBaHus)

YnopsgounBaeM UX B MOPsAJIKe BO3PACTAHUS W HAXOJUM WHTEPBAJIbI BDEMEHH MEXKJTy IaJIeHuIMA
Kamejnb At; = t; —t;_,. PaccunrbiBaeM cpesiHee BpeMst MeXKIy HaJIeHUSIMK KallejIb Ha BbIIe/IeHHbII
y4dacToK. Pe3ynbprarhl npuBesieHbl B Tadsuie 4.

1m

Tabmuma 4.

FRPR KD, “oartF | PR, oFF | FRAL PR
1 0,6 0,111

2 0,7 0,130 0,019
3 0,8 0,148 0,019
4 0,9 0,167 0,019
5 1,1 0,204 0,037
6 1.4 0,259 0,056
7 1,5 0,278 0,019
8 1,6 0,296 0,019
9 1,6 0,296 0,000
10 1,7 0,315 0,019
11 1.8 0,333 0,019
12 1,9 0,352 0,019
13 2,0 0,370 0,019
14 2,3 0,426 0,056
15 2,4 0,444 0,019
16 2,6 0,481 0,037
17 3,0 0,556 0,074
18 3,7 0,685 0,130

Cpetee BpeMs MexkJy HajieHusaME Karesb pasHo (At) = 0,034 ¢ , Torga uucsio Kanespb 3a 1 gac

paBuo N =

_ 3600
(Aty — 0,034

= 1,06-10° Ux obmmit 06bem V = N - ird® = 5,6- 107> m® CrezoBaressho,

BBICOTA CJIOSI BOJbI, KOTOPYIO «HAKAIlaeT» JIOXK b PaBHa h = % =56-10"2mm .




